Risk factors of neonatal mortality and child mortality in Bangladesh
Background Child and neonatal mortality is a serious problem in Bangladesh. The main objective of this study was to determine the most significant socio-economic factors (covariates) between the years 2011 and 2014 that influences on neonatal and child mortality and to further suggest the plausible policy proposals.
Methods
We modeled the neonatal and child mortality as categorical dependent variable (alive vs death of the child) while 16 covariates are used as independent variables using χ2 statistic and multiple logistic regression (MLR) based on maximum likelihood estimate.
Findings Using the MLR, for neonatal mortality, diarrhea showed the highest positive coefficient (β = 1.130; P < 0.010) leading to most significant covariate for both 2011 and 2014. The corresponding odds ratios were: 0.323 for both the years. The second most significant covariate in 2011 was birth order between 2-6 years (β = 0.744; P < 0.001), while father's education was negative correlation (β = -0.910; P < 0.050). In general, 10 covariates in 2011 and 5 covariates in 2014 were significant, so there was an improvement in socio-economic conditions for neonatal mortality. For child mortality, birth order between 2-6 years and 7 and above years showed the highest positive coefficients (β = 1.042; P < 0.010) and (β = 1.285; P < 0.050) for 2011. The corresponding odds ratios were: 2.835 and 3.614, respectively. Father' s education showed the highest coefficient (β = 0.770; P < 0.050) indicating the significant covariate for 2014 and the corresponding odds ratio was 2.160. In general, 6 covariates in 2011 and 4 covariates in 2014 were also significant, so there was also an improvement in socio-economic conditions for child mortality. This study allows policy makers to make appropriate decisions to reduce neonatal and child mortality in Bangladesh.
Conclusions
In 2014, mother' s age and father' s education were also still significant covariates for child mortality. This study allows policy makers to make appropriate decisions to reduce neonatal and child mortality in Bangladesh. journal of health global
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Bangladesh is the most densely populated country in the world. There were about 160 million people all across Bangladesh in 2013 [1] . There are eight administrative regions (see Figure 1 ). Neonatal and child mortality is an important indicator of the development of a country like Bangladesh. From 1990 to 2011, the number of child deaths decreased worldwide from 12 million to 6 million [2] . This indicates that 14000 fewer children died each
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December 2018 • Vol. day in 2011 compared to 1990. However, 19000 children aged less than five years still perished every day in 2011. The report of the Bangladesh Demographic and Health Survey (BDHS 2011 report: https://dhsprogram.com/pubs/pdf/fr265/fr265.pdf) showed that the child mortality rate (those less than 5 years of age) in Bangladesh had dropped from 57 deaths per 1000 live births in 1993 to 28 deaths in 2011. Although child mortality had declined, it was still high compared to other countries in the region. Therefore, it is essential to reduce child mortality.
Muhuri [3] , Forste [4] , Doctor [5] and Machado et al [6] showed that there was an inverse relationship between socio-economic factors and infant mortality. There was also evidence that mother' s characteristics and a child' s environment were directly related to infant mortality [7] . Parent' s education and occupation was the third pair of factors that have significant influence on neonatal and child mortality in emerging countries [4, 8] . Mosley et al [9] showed that the child mortality was directly influenced by mother' s education, type of toilet facility, source of drinking water, maternal and child health care services. Cleland et al [10] studied that early child mortality was highly associated with the mother' s education. Breierova et al [11] also showed that both father' s and mother' s education were highly significant for child mortality.
Cleland et al [12] demonstrated that a one year increase in mother' s education was associated with 7%-9% reduction in the under-five mortality rate. Gakidou et al [13] found a significant effect of mother' s education on under-five mortality in 175 countries. Similarly, Akter et al [14] showed that there was a positive association between parents' education and under-five mortality. The factors of infant mortality and child mortality were also studied by Hossain et al [15] and they provided evidence that the determinants were changing according to the age of child. The study also showed that access to health care services, birth interval and mother' s education were the main features of neonatal and child mortality. Abir et al [16] indicated that combined birth rank (less than 2-year interval or greater than 2-year interval) and interval, as well as contraceptive use were the common factors that were associated with child mortality. However, Chowdhury et al [17] studied on the covariates of neonatal and post-neonatal mortality in Bangladesh by using the BDHS 2007 data set and they showed that father' s education, type of place, wealth index, and child' s age were the significant factors for neonatal and child mortality. On the other hand, Hossain et al [18] also conducted studies on child mortality jointly in the Rajshahi and Natore districts.
The main objectives of this paper are: i) To determine the covariates which influence on neonatal and child mortality using χ 2 and multiple logistic regression (MLR), (ii) To compare of neonatal and child mortality between the years of 2011 and 2014, especially comparing neo11 vs neo14 and child11 against child14, (iii) Understanding the Emerging Risk factors for neonatal and child mortality over time, and (iv) To suggest the plausible policy proposals to reduce the neonatal and child mortality. While these objectives are addressed, the readers will find the following novelties in our study compared to the previous studies:
(i) The study shows the usage of the latest BDHS 2014 data sets.
(ii) The study will utilize first time 16 covariates compared to previous studies with limited covariance.
(iii) Utilization of the χ 2 -test to show the association between neonatal and child mortality for 16 covariates on the basis of P-values.
(iv) Utilization of MLR to identify the risk factors on the basis of odds ratio (OR) and P-values.
(v) Besides the conventional risk factors, we will show new and first time introduced risk factors which are responsible for neonatal and child mortality, demonstrating difference compared to previous studies. (vi) Comprehensive analysis in understanding the factors which influence on the neonatal and child mortality over time.
(vii) Suggests policy solutions based on the most significant covariates or risk factors to reduce neonatal and child mortality.
The layout of this paper is prepared as follows. Section 1.2 represents Methods. Results are discussed in section 2. Section 3 represents the plausible solutions. Section 4 represents discussion in details and finally a conclusion.
METHODS

Input BDHS data
The data sets used in this study were derived from the 2011 and 2014 surveys. The BDHS data set consisted of a total 8753 respondents, taken from 2011 and 7886 respondents, taken from 2014. In 2011, among these, 506 babies died in 0-28 days and 224 babies died under five years of age. In 2014, 240 babies died in 0-28 days and 319 babies died under five years of age. The analysis of this study considered only ever married women of reproductive age (15-49 years) who had at least one live birth before the time of interview. The sampling techniques, survey design, survey instruments, measuring system and quality control have been discussed [19] (BDHS data source: http://www.dhsprogram.com/data/dataset_admin). This study was based on an analysis of existing public domain survey data sets that is freely available online with all identifier information removed. The survey was approved by the Ethics Committee in Bangladesh.
Tabular representation of the input BDHS data
In the BDHS data set, there were few questions in the questionnaire that were not filled-up by the respondents. As a result, there were some missing values in the data set. In 2011 data set, there were 6 missing values in father' s education levels, 1 missing value in father' s occupation, 7774 in mother' s occupation, and 7395 in succeeding birth interval (SBI), 412 in diarrhea and 11 in mother' s age. On the other hand, in 2014 data set, there were two missing values in father' s education levels, 27 missing values in father' s occupation, 5780 in mother' s education, 6904 in succeeding birth interval (SBI), 1 in type of toilet facility and 326 in diarrhea. Most of the papers did not considered the missing values. However, in this study, we have replaced missing values with the mode for categorical variables and arithmetic mean for numerical variables.
We created Graphical interpretation of BDHS data: neonatal and child mortality Figure S1 (a) in Online Supplementary Document shows that the relative order of the regions in terms of their neonatal mortality percentages changed significantly, but the three regions that increased their percentages (Chittagong, Sylhet, and Khulna) were the ones with the highest percentages in 2014. These three areas have some common criteria. Because, there are many rootless people live in this area and government intervention does not reach these areas properly. The increasing rate of neonatal mortality in 2014 than 2011 is ocular proof of delay medical intervention or negligence of medical worker or may be lake of health worker. Figure . Given that this increase is also present at the level of higher education, it seems that mothers beyond a primary level of education are not being targeted for contraception use with the assumption that they understand their own situation. Therefore, more attention needs to be given at this level in order to reduce child and neonatal mortality as a whole. Figure S5 Maternity Benefit is a payment on maternity leave women from work. This benefit can decrease neonatal mortality by decreasing working pressure. It gives a family financial support. Paternal benefits or at least paternity leave is also essential for decreasing neonatal mortality rate. A neonatal needs intensive care when a mother has a tension about her job it not possible take care of her baby. Maternity benefits can be made her free of job tension and financial support. One can think maternal benefits may be a good solution to decrease the neonatal and child mortality. Figure S12 (a) and Figure  S12 (b) in Online Supplementary Document, as time between births increases, the likelihood of neonatal and child mortality decreases. The only case which seems to defy expectation is that of SBI 49 and above, where child and neonatal mortality both increases from 2011 to 2014. This may be because of the increased burden of having one or more children already 49 months or above of age and having to care for the other child on the way. We observe that from Figure S13 It is also observed for 2nd order neonatal death is slightly high and child death is down in 2014. Neonatal and child death is almost comparable for type of toilet facility in both years (Figure S14 Figure S16 (a) and Figure S16 (b) in Online Supplementary Document indicate that neonatal and child mortalities are down for mothers who are 15-24 years; whereas, both mortalities are up for mothers who are 25-34 years. Therefore, as these two categories produce the vast amount of the neonatal and child mortality in Bangladesh, increased incentives for the education of the youth in Bangladesh need to be put into action to lower these numbers.
Segmentation of potential risk factors
Mosley et al [9] showed some factors influencing child survival in developing countries. The outcome variables were studied against all selected potential risk variables and these variables were divided into three distinct groups: (i) community, (ii) household and (iii) individual factors. (i) The community level factors are type of place and the geographical region. The type of place is divided into two categories (urban and rural) and geographic regions are divided into seven categories (Barisal, Chittagong, Dhaka, Khulna, Rajshahi, Rangpur, and Sylhet).
(ii) The household factor was the wealth index variable that measured the financial status of a household. The household wealth index variable is divided into five categories (poorest, poorer, middle, richer and richest), but for our calculation, this index was divided into three categories (poor, middle and rich). The bottom 40% of households are of poor, the next 40% are of the middle and the top 20% are of the rich category households. (iii) The individual factors were: religion, watches TV, listens to radio, gender of the child, birth order, SBI, and paternal education.
Methodological approach
Our methodology is based on application of bivariate analysis, namely χ-2 test, for examination of various predictors and response variables using a single population. We used the SPSS version 20.00 and R i386 version 3.4.1 software system for our analysis. The methodology used multiple logistic regression (MLR) where the goal was to determine which predictor variables influence on (a) neonatal mortality and (b) child mortality. The main predictor variables are: region, type of place, gender of child, mother' s and father' s education, mother' s and father' s occupation, radio, TV, religion, wealth index, SBI, birth order, type of toilet facility, diarrhea, and mother' s age.
The system block diagram has been shown in Figure 2 . It has two phases: BDHS 2011 data set (shown in left) and BDHS 2014 data set (shown in right side). χ 2 analysis applied on both BDHS 2011 and 2014 data set. χ 2 -test gives only message as to which of the 16 covariates are associated or differed with mortality (neonatal and child). We determined significant covariates based on their P-values. Similarly, we also applied MLR on both data sets. MLR measures the average of the relationship between the categorical dependent variable (alive vs death) and two or more predictor variables (16 covariates). χ 2 -test shows only the association between two categorical dependent variable (DV) and independent variables (categorical), but doesn't show the dependency of DV on independent variables. On the other hand, MLR shows both association and the dependency of DV on independent variables, hence can be adapted for studying the effect of change in independent variables on DV. Figure 2 shows the system used for estimating the most significant covariates.
We use two strategies for understanding (a) the association between covariates and mortalities (neonatal and child) and (b) significance of the covariates when it comes to mortalities. For (a) we use chi-square test and for (b) we use multiple logistic regression (MLR). The corresponding mathematical expressions are given in Appendix S1 and S2 in Online Supplementary Document, respectively. Note that the P-value is the deciding criteria during the χ 2 -test analysis leading to the association between covariates and mortalities. On the contrary, the regression coefficients and the Odds ratio (OR) are adapted for concluding the significance of the covariates for mortalities.
RESULTS
Results using χ2-test: understanding associations
The χ 2 -test shows the association between the selected covariates of neonatal and child mortality. Table  2 contains the results of chi-square test. The first column of the Table 2 represents the attributes of selected covariates sequentially for which the association to be tested. Based on their respective P-values, in 2011, we say that the region, gender of child, father' s and mother' s education, father' s occupation, TV, wealth index, SBI, birth order, type of toilet facility, diarrhea and mother' s age are significant covariates for neonatal mortality. Whereas, region, father' s and mother' s education, father' s and mother' s occupation, TV, wealth index, SBI, birth order and mother' s age are also significant covariates for child mortality. In 2014, region, father' s and mother' s education, father occupation, radio, TV, birth order, diarrhea and mother' s age are significant factors for neonatal mortality, whereas, region, mother' s education, father' s and mother' s occupation, radio, TV, type of toilet facility, diarrhea and mother' s age are also significant factors for child mortality.
Results using multiple logistic regression
We create Table 3 and Table 4 to show the logistics effect of the selected covariates on neonatal and child mortality. The columns of the Table 3 and Table 4 have been presented by selecting those covariates, regression coefficient (β), and odds ratios (OR) which are statistically significant. This constitutes only covariates such as: region, gender of child, mother' s and father' s education, father' s occupation, religion, SBI, birth order, type of toilet facility, diarrhea and mother' s age are statistically significant at 1, 5 and 10% level of significance. Rests of the covariates (type of place, mother' s occupation, radio, TV, wealth index) are not significant of that level of significance. Because their P-values are greater than 0.010, 0.050 and 0.001, so they have no effect on neonatal and child mortality. Here, we have discussed only the significant variable covariates which are given in Table 3 . The description of the observations corresponding to Table 3 and Table 4 are shown in Appendix S4 and Appendix S5 in Online Supplementary Document, respectively. The importance of the 16 covariates in terms of its risk is presented in Table 5 (columns 4 and 5). Father's education is an important risk factor for neo11 and neo14.
Father's education also is an important risk factor (6th) for child11. Father's education also is the 6th highest risk factor for child14. Figure S18 (b) in Online Supplementary Document shows that diarrhea is the highest importance covariates in 2014. The medium importance covariates are mother' s occupations, region, mother' s education, TV, and father education, respectively. The bottom 3 covariates are: mother' s age, radio, and type of toilet facility. In 2011, using MLR, we have 10 significant covariates out of 16 covariates for neonatal mortality based on their P-value and odds ratio. We have arranged the odds ratio in descending order (from largest to smallest). Then we plot these significant covariates vs odds ratio. From Figure S19 (a) in Online Supplementary Document, we see that first top significant covariate is birth order and it is high importance covariates for neonatal mortality. The middle level covariates are: Sylhet region, SBI, father occupation, type of toilet facility, and mother' s education and these are medium importance covariates. The bottom 4 covariates are: gender of child, father' s education, mother' s age and diarrhea.
In 2014, we have only 5 significant covariates ( Figure S19(b) in Online Supplementary Document), so there was an improvement in socio-economic conditions. Among these 5 covariates, Rangpur region was the highest importance covariates. The rest of the importance covariates are religion, father education, mother's age and diarrhea. In 2011, we have 6 significant covariates for child mortality ( Figure  S20 (a) in Online Supplementary Document. Among them birth order and SBI was the highest importance covariates for child mortality. The lower risk significant factors are: mother's education, mother's age, Khulna region, and father's education, whereas, we have only 4 significant covariates out of 16 covariates in 2014. Father's education and father's occupation are highly importance factors for child mortality and the lowest importance factors are Rajshahi region and mother's age ( Figure S20 
Study number name of variable definition and Categorization imPortanCe of the variable neonatal mortality (neo11 vS neo14)
Child mortality (Child11 vS Child14) 10 
Religion
There are two types of religion are used as: (i) Non-Muslim and (iii) Muslim
Religion has no risk for neo11Religion is the 2nd highest risk factors for neo11.
Religion has no risk for child11 and child14.
11
Wealth index
There are 3 categories of wealth index as:
Wealth index has no risk for neo11 and neo14.
Wealth index has no risk for child11 and child14.
12
Succeeding birth interval (SBI)
There are 3 categories of SBI as: (i)<24, (ii) 25-48(iii) 49 and above SBI is the 3rd risk factor for neo11. It has no risk for neo14.Improvement was noticed.
SBI is the 2nd risk factors for child11. It has no risk for child14.
Birth order (months)
There are 3 categories of birth order as: (i) One, (ii) 2-6, (iii) 7 and above
Birth order is the top one risk factor for neo11. It has no risk for neo14.
Birth order is also the top one risk factor for child11. It has no risk for child14.
Type of toilet facility
Two categories of type of toilet facility as: (i)Unhygienic toilet, and (ii) Hygienic toilet
It is the top five risk factors for neo11. It has no risk for neo14.
It is the top two risk factors for child11.It has no risk for child14.
Diarrhea
There are two categories who having Diarrhea as:
(i) No and (ii) Yes
Diarrhea is the top ten risk factors for neo 11.It is also the top five risk factors for neo14.
It has no risk for both child11 and child14. 
PLAUSIBLE POLICY SOLUTIONS
Primary solution
Mother's education exerts an influence on both child survival and the management of childhood diseases. There is a positive relationship among the formal education of the mother, the use of prenatal care, and delivery assistance. This relationship has been shown to hold up even after controlling a range of indicators of income, social status, and access to health services. The reasoning for this comes from the increased consciousness from educated mothers about their own life and the life of their children. In most of the developing countries, children having a mother with secondary or higher education were at a lower risk of child mortality compared to children having a mother with no education [20] . Lalou et al [21] showed that there was a strong relationship between educating women and child life expectancy as well as progresses in child and family health and nutrition. There are five potential pathways linking maternal education and child health: (i) improved socio-economic status; (ii) health knowledge; (iii) modern attitudes towards health care; (iv) female autonomy; and (v) reproductive behavior. Investments in women's education are important for lowering infant and child mortality. When children are born, the Ministry of Education of Bangladesh should message to families to begin their child's schooling at the age of 5 years old [22] . Additionally, kids must be required to go to school up to age of 18 years, ie, grade 12 (high school). In the school, there should be a mandatory education about marriage age, priority for job, and challenges during early marriage and births. Those families who undergo education up to college must be discounted if they are living in rural areas. This will encourage more students go to college and prevent early marriages. Gender disparity in primary and secondary education must be eliminated to eradicate poverty and hunger, combat disease and ensure environmental sustainability.
Family planning is required to prevent as many as one in every three maternal deaths by allowing women to delay motherhood, space births, avoid unintended pregnancies and abortions, and stop childbearing when they have reached their desired family size [23] . After giving birth, family planning also help women wait at least two years before trying to become pregnant again, thereby reducing newborn, infant, and child deaths significantly [24] . Healthcare systems are an important organization in spreading the benefits of controlled births and the gap between the births of new born [25] . When the first kid is born, the doctors must spread messages to families to have the second child only after 3 years of age. Child mortality under five years is related to births spaced too close to one another, to large families, and to high birth orders. Better timing and spacing of pregnancies improves child health outcomes. As a result child mortality may be reduced. According to the WHO, about 80% of health care in developing countries occurs in the home and the majority of children who die do so at home, without being seen by a health worker. About 40% of child deaths may prevented with controlling family and community care not high-tech health equipment, but access to solid knowledge, support and basic supplies [26] .
Secondary solution
Participation in sports is also plausible solution of child mortality. It must be mandatory for kids to undergo sports curriculum and physical exercises and its benefits [27] . Teachers must be trained to talk about the advantages of marriages encouraged after 18 years or preferred after under-graduate years.
The role of social media should be tapped in spreading information about college education, jobs by the government of Bangladesh [28] . Radios and Movie Theaters must be made by the government to put out messages about child birth, education, year's gap between new born and jobs. We need to increase communication between urban and rural regions. In urban areas, kids get better services such as medical facility, education facility and so on. Government of Bangladesh must take the necessary steps to apply these same facilities to rural areas. The use of family planning can reduce infant mortality, by reducing the incidence of short birth intervals.
DISCUSSION
Analysis
Akter et al [14] , Chowdhury et al [17] and Chowdhury et al [29] studied neonatal and child mortality in Bangladesh. However, they did not consider region as a significant factor (covariate). In this study, we show that regions is a significant influence on both neonatal and child mortalities for 2011 and 2014. In 2011, Sylhet region was higher risk of neonatal mortality. Whereas, in 2014, our findings showed that the risk of neonatal death was higher in three regions comparing to Barisal region. We order based on their odds ratio (OR) such as: (a) Rangpur (OR = 2.829), (b) Rajshahi (OR = 2.238) and (c) Sylhet (OR = 1.914). Because, a low number of prenatal care visits and low birth weights have been associated with post neonatal death [30] . Some of the regions in Bangladesh lack access to health facilities. As a result, there are regional differences in neonatal deaths. Most of the developing communities are more likely to get better sanitation connections that will improve child survival [31] . On the contrary, Khulna and Rangpur regions were lower risk of child mortality in 2011 and 2014. Moreover, the risk of child mortality was also lower in Rajshahi, and Sylhet compared to Barisal region in 2014.
Our findings show that male neonates and child' s had a significantly lower risk of dying during the neonatal and child' s period in 2011. On other way, this factor (gender of child) had improved in 2014. Mother' s education had a significantly higher risk of neonatal mortality and lower risk of child mortality in 2011. On the contrary, mother' s education was improved for the year of 2014. Father' s education had a great influence on the survival of young children. The previous studies showed that early childhood mortality was highly associated with the father education for all major developing countries. Chowdhury et al [29] showed father' s education was not a significant influence on both neonatal and child mortality. In our present study, father' s education has a significant influence on both neonatal and child mortality in 2011. In 2014, father' s education has also impact on both neonatal and child mortality. So we conclude that by improving father' s education, the childhood mortality rate will decrease. This is because an educated father is more conscious of their own life and children (see Table 6 ).
Father' s occupation is a powerful influence on neonatal and child mortality because he maintains an economic status, nutrition and housing condition, access to health care facilities, and clothing for the family.
Father' s occupation is also associated with nutritional status of their children. The rate of neonatal and child mortality is higher for a business and others compared to service. Chowdhury et al [29] studied that father' s occupation was not a significant influence on neonatal mortality and child mortality. In this study we showed that father' s occupation had significant influence on neonatal mortality in 2011, whereas, father' s occupation had no effect on neonatal mortality in 2014. So it is say that this factor had improved for neonatal mortality in 2014. On the contrary, father' s occupation had no significant influence on child mortality in 2011, whereas, in 2014, it had significant higher risk of child mortality. In this study also showed that while father' s occupation are in farmer posed a risk to child mortality, father' s occupation are in business and others increased the odds of child mortality (see Table 6 ).
Religion is also very important factor in relation to mortality. In 2011, religion had no effect on both neonatal and child mortality, whereas, religion has significant effect on neonatal mortality in 2014. Our findings showed that Muslim children are at increased risk of neonatal death compared to non-Muslims. Particularly some Islamic people believe in myths concerning child birth. It is evident that Muslim women have higher fertility, lower rate of contraceptive use, early age at marriage and motherhood and lower access to maternal health care services utilization than their peer non-Muslim sisters in Bangladesh [32] . It is also evident that neonatal mortality has a positive influence on fertility. There is no doubt that Muslim women have higher fertility compared to non-Muslims. As a result the rate of neonatal death may be increased. Finally we conclude that traditional practices, cultural norms and religious faith are partly attributed to higher rate of neonatal death among the Muslims. SBI and birth order were the most significant covariates in 2011 were SBI between 25-48 months and birth order between 7 and above years having higher odds ratio as: 2.235 and 3.614. In 2014, SBI and birth order may be improved. Diarrhea showed the highest positive coefficient P < 0.01) leading to most significant covariate of neonatal mortality for both 2011 and 2014. The corresponding odds ratios were: 0.323 and 0.323 for both the years. Our findings also showed that there were lower risk of neonatal and child deaths in 25-34 and 35-44 age's mother than 12-24 age of mother. Machado and Hill [6] , Markovitz et al [33] and Seedhom and Kamal [34] showed a higher risk of neonatal mortality in younger adolescents than older mothers.
Benchmarking
Using Table 6 , we can see that Chowdhury et al [29] used the mortality data set of Natore sadar upzilla in Natore district of Bangladesh. This data was collected from 796 women. The factors selected for study were: parents' education, parents' occupation and wealth index. They used χ 2 -test to show how much the selected factors are associated with neonatal and child mortality. They also used logistic regression to show the dependency of selected factors on both mortalities. From the result of logistic regression, it was found that mother's education, father's occupation and wealth index were significant influencing factors on both neonatal mortality and child mortality. BDHS 2007 data set were used by Chowdhury et al [17] . The data set consisted of 4003 samples. They are also used both chi-square and logistic regression for analysis. They showed that father's education, wealth index and birth order were risk factors for neonatal mortality.
Akter et al [14] used the two set mortality data that consisted of 39875 samples in 1995-2000 and 38544 samples in 2000-2007. They only showed the association between parents' education and child mortality by using χ 2 -test and logistic regression. Their study result indicated that mother's education was highly significant influence on child's mortality. Uddin et al [35] used BDHS 1999-2000, that consisted of 6686 samples. They identified the potential risk factors were: mother's and father's education, mother's and father's occupation, birth order, mother's age were responsible for neonatal and child mortality. However, in our study, χ 2 -test shows that mother's and father's education, mother's and father's occupation, wealth index, birth order, SBI and region are associated with both neonatal mortality and child mortality in 2014. On the contrary, MLR shows that Rangpur region, father's education, religion, diarrhea and mother's age are significant influence on neonatal mortality, whereas, region, father's education and occupation, and mother's age are also significant factors on child mortality.
Limitations
We demonstrated the following itemized items in our study: (i) usage of the latest BDHS 2014 data sets; (ii) The study utilized first time 16 covariates compared to previous studies with limited covariance; (iii) Utilization of the χ 2 -test to show the association between neonatal and child mortality for 16 covariates on the basis of P-values; (iv) Utilization of MLR to identify the risk factors on the basis of odds ratio (OR) and P-values; (v) Besides the conventional risk factors, we showed new and first time introduced risk factors which are responsible for neonatal and child mortality, demonstrating difference compared to previous studies; (vi) Comprehensive analysis in understanding the factors which influence on the neonatal and child mortality over time; (vii) Suggests policy solutions based on the most significant covariates or risk factors to reduce neonatal and child mortality. Even though the system offered several novelties, it had some challenges.
First, the survey interviewing surviving women may be considered as a limitation, and this may have led to an under estimation of mortality rates because of the association between child and maternal deaths. The effect of some of the associated factors, such as delivery complications, could have also been underestimated. Second, most of the variables in this paper are not infant specific as they only reflected the most recent conditions or birth, like mother' s work status, which represented the employment status within the past 12 months preceding the survey. In future, we will study the multilevel modeling which takes into account the effect of clustering to better estimate the level of association of the study factors with the outcome.
Extension of current work
Correspondence analysis (CA) may be used to show the association between mortalities and covariates instead of using chi-square criteria. To find the dependency of neonatal and child mortality on covariates, we may use another regressions such as multivariate proportional hazards models, step-wise regression, and multilevel logistic regression instead of multiple logistic regression. We will want to predict neonatal and child mortality by applying machine learning techniques such as Linear discriminant analysis (LDA), Quadratic discriminant analysis (QDA), Support vector machine (SVM), Gaussian process-based model (GP), Artificial neural network (ANN), Convolutional neural network (CNN), Fast neural network (FNN), and AdaBoost. We want to also monitoring the effect of covariates and mortalities changed over time.
CONCLUSIONS
In 2011, using MLR, we got 10 significant covariates out of 16 covariates for neonatal mortality. These covariates are birth order, Sylhet region, SBI, father occupation, type of toilet facility, mother's education, and gender of child, father's education, mother's age and diarrhea. In 2014, we got only 5 significant covariates, so there was an improvement in socio-economic conditions. In spite of improving socio-economic conditions, father's education, mother's age and diarrhea were still significant covariates for neonatal mortality in 2014. On the other hand, in 2011, we got 6 significant covariates for child mortality. Among them birth order and SBI was the highest importance covariates for child mortality. The lower risk significant factors were: mother's education, mother's age, Khulna region, and father's education. In 2014, mother's age and father's education were also still significant covariates for child mortality. This study allows policy makers to make appropriate decisions to reduce neonatal and child mortality in Bangladesh.
